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The photographs have been taken from a Lo Surdo source containing a m ixture of hydrogen and deuterium . P late 19 shows the results of the analyses of H aD a, H^D^, H yDy and H^D^. I t m ay be noted th a t the intensity pattern for D a is asym m etric and th a t it is nearly the m irror image of the asym m etric p a tte rn for H a. A lthough gradually less prom inent in later members of the series, this feature is not entirely absent from H yDy as published in Nature (Foster and Snell 1934) . Moreover, the contrasting asym m etries of D a, H a persist to some extent in analyses (Plate 20 (1)) from a canal ray source specially constructed w ith opposing beams, and operated a t a pressure enormously in excess of usual values.
There are other intensity relations of some interest. The hydrogen line in the pair H yDy has less relative strength th a n it has in taken from the same plate (Plate 20 (2) ). In other words, under the conditions of the experi m ent, the intensities in the Balm er series of deuterium do not fall off so rapidly as they do in hydrogen. Confining the atten tio n now to a single pair of lines, e.g. H yDy, the deuterium intensities are relatively greater in electric fields th an a t zero field (Plate 20 (2)). While this point is beyond doubt, one m ust not include in the evidence the central component of Dy upon which a molecular line falls. I t is clear th a t some of the intensity relations are a result of collisions of the second kind, and it appears probable th a t others originate in self absorption.
The more accurate m easurem ents of Stark displacements for H y and (Foster 1924 (Foster , 1925 and for H a (McRae 1931) have shown variations from the regular Epstein spacing which are outside experim ental error. McRae showed th a t the irregularities in H a are nearly those to be expected if the conditions between fine structure and Stark effect are as predicted (Schlapp 1928) , and the fine-structure separations are carried over into high fields. On our new plates the effect of fine-structure separations is seen as the main cause of the irregular spacing of Stark components in the four Balmer lines of deuterium, and the earlier displacements in hydrogen are confirmed.
While all hydrogen components are diffuse, it is established in the present investigation th a t certain selected components are rendered particularly diffuse, and usually in an asymm etric manner. E x p e r im e n t a l I n v e s t ig a t io n Lo Surdo Method-The greatest p art of the experim ental study was made with the Lo Surdo source developed in this laboratory. Before admission of the hydrogen gases, the tube was thoroughly roasted and run for some time with helium gas in contact with charcoal cooled by liquid air. The greater p art of the helium was then pum ped out and replaced by hydrogen and deuterium in approxim ately equal proportions. During the final runs, the combined partial pressures of the hydrogen isotopes was certainly greatly in excess of th a t of helium. The to tal pressure varied w ith the field strength required for a good analysis of the line under investigation. I t was 0*9 mm. for H aD a and H^D^, and 1-6 mm. for H yDy and H^D^. The corresponding voltages on the tube varied from 14,000 V for H aD a to 9000 V for H^D^. No difficulty was encountered in exciting the Balmer lines of deuterium or in maintaining a good intensity throughout the exposure.
A brief consideration shows th a t a clear Stark analysis of a given Balmer pair may be obtained a t a certain minimum external field. As is well known, the quantum num ber n serves as a splitting factor in hydrogen Stark effect. Each Stark pattern of a Balmer line (w->2) is therefore made up of groups of three components (end-groups are incomplete) with separations (n -2) Epstein units. The separation of the groups may be equal to this, or greater, but not less. Resolution will be satisfactory when the deuterium com ponents lie midway between hydrogen components of each group, and will not be much improved by the use of higher fields. On this basis, the minimum field for satisfactory analysis is the one for which ( \ n -1) Epstein units = separation of Balmer pair.
The numerical values are: for H aD a, 131,000 V/cm.; H^D^, 87,000V/cm.; H yDy, 65,000V/cm.; H^D^, 52,000V/cm. Our experimental values, given on Plate 19, differ a little from the above.
The spectrograph is a large glass instrum ent (Foster 1930) in which six prisms were required for the analyses of H aD a and H^D^, while three were sufficient for H r Dr and two for H^D^. The dispersion varied from 12-2 A/mm. for H a to 7*0 A/mm. for H^. Exposures lasted from 30 to 60 min.
The intensities of components m ay be estim ated from the photographs reproduced in P late 19. U nder our experim ental arrangem ent, we con sidered it improbable th a t the physical conditions could be repeated with the accuracy necessary to duplicate exactly any set of intensities, and hence have been content w ith qualitative results which show, under identical conditions, sufficiently interesting contrasts between the two isotopes. Canal-ray Investigation with Cross-Tube-A few photographs of H aD a have been taken to see if the asym m etric Stark p atterns for the isotopes would appear in a canal-ray source a t high pressure. For this purpose, we have employed a source the essential features of which were developed with Dr. D. R. McRae for another research. Two directly opposing canal-ray beams meet a t a common cathode, where an additional electrode is in tro duced to enable one to apply an electric field perpendicular to the beams.
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The present form of cross-tube is shown in cross-section in fig. 1 . The two anodes are connected to the positive term inal of a K ipp " proton " apparatus. The common cathode is an aluminium tube with wall l|m m , thick. R ect angular slits | x 2 mm. are punched a t opposite ends of a diam eter to allow the canal-ray beams to pass through the cathode. Each beam m ay be seen to project a distance of about 2 cm. on the other side. The external field is applied between two field plates, one of which is an aluminium cylinder accurately fitted into the tubular cathode, and held by a set screw. This unit, combining two cathodes and one field plate, is grounded. The second field plate is held rigidly in the cathode tube by an accurately turned lavite sleeve. The arrangem ent is such th a t the field plates are kept parallel-an im portant feature in the investigation. Although space between the plates is 1 mm. or less, the plates are placed carefully outside the canal beams. A ground-glass joint facilitates the removal of the cathode and plates for cleaning and resurfacing. A diam eter of 1 cm. for the cathode leads to con venient dimensions for the assembly. The light passes through a third slit in the cathode placed a t 90° from the canal-ray slits as illustrated separately in fig. 1 . I t continues through a side window, condensing lens, and Wollaston prism to the spectograph. The cross-tube will operate a t pressure as high as 0*85 mm., and give light of intensity comparable to th a t of a Lo Surdo source. I t is believed th a t the pressure and light intensity may be increased beyond the present limits. The field potential remains very steady provided care has been taken to prevent the canal beams from striking the field plates. figs. 2 and 3 we have summarized the mean results of tw enty independent m easurem ents of each interval between the components of the H aD a and photographs reproduced in P late 19. In these diagram s the wave-length increases to the left, and it will be noticed th a t the figures im m ediately above the horizontal line represent the 11 -1) separations. All figures are in cm.-1.
Irregularities in Displacements-In
The irregularities in the intervals which are to be expected on the basis of fine structure are listed in Table I . Here (4 -3) v, (r) represents the interval between components 4 and 3 on the violet (red) side, and the figures represent the differences between intervals as deduced from figs. 2 and 3. I t will be noticed th a t practically all the differences are positive in sign. This means th a t in both H and D the small and large intervals occur where they are expected from fine structure considerations. The numerical agree m ent may be im paired by the fact th a t only one plate was measured for each line, and (especially in H^D^) certain components are very diffuse. Taken as a whole, however, the evidence is strongly in favour of attrib u tin g the irregularities in the displacements to the effects of fine structure. This con clusion is supported by m easurem ents of five plates of H yDr In these plates the following irregularities are found in both H y and Dy:
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or: (13-10)*; > ( 1 3 -1 0 )r; (1 0 -3 ) r > (10-3)*;; (3 -0 )* ;> ( 3 -0 ) r . These again are in agreement with the expected effect of fine structure. In addition we should have (18 -15) v >(18 -15) contradictory but inconclusive, owing to the greater differences of these wide components and some confusion w ith molecular lines. Relatively Diffuse Components-Small variations of the external field during the exposure account for a general blurring of components which increases with the displacement. Clearly superposed on this, however, is a selective diffuseness not previously reported. I t is illustrated best in H#, Plate 19, where the components -6(cr); 6 (77-) are decidedly broad as com pared with their mates. Since the component 6 (n) and the relatively sharp component 4(<r) are associated with the same initial level, the difference in their profiles cannot arise from effects in the initial state. On the other hand, the diffuse components just mentioned are associated with the same final state. A more detailed exam ination of all Balmer patterns reveals the fact th at almost all relatively diffuse components are produced in transitions to the lowest final state.
This effect is not due to a general variation of the external field. Neither is it due to an incorrect adjustm ent of the spectrograph or to the fine struc ture of Stark components (Schlapp 1928) . The observations allow one to consider a surprisingly selective effect on the final state concerned.
Beginning with the discovery of the effect and continuing up to the present time, much material has been amassed to prove th a t the observed hydrogen Stark intensities may vary from theory by amounts many times greater th an the experim ental error. Moreover, the character of the variation changes greatly w ith the physical conditions of the discharge. In the canalray source it depends, for example, upon the relative orientation of the beam and the applied field-w hether parallel, anti-parallel, or perpendicularas well as upon the voltage, pressure, nature of canal rays and of residual gas.
The apparent departures from theory are not, however, lim ited to canalray sources. In this laboratory, McRae (1931) exam ined a Lo Surdo source containing pure hydrogen gas, and observed a type of asym m etric p a tte rn for H a which could not be explained by any loading of the initial states. The asym m etry was less a t the lower pressures.
More recently a ra th e r sm ooth transition from the hydrogen Stark intensity p atterns norm ally characteristic of the canal ray source to those characteristic of the Lo Surdo m ethod (Thornton 1935) has been obtained. This has been realized by the simple process of increasing the gas pressure in a suitably designed canal-ray tube to values far above normal.
On the other hand, there are published q u an titativ e m easurem ents of average relative Stark intensities in hydrogen (Foster and Chalk 1929) which agree ra th e r well w ith the calculated (Schrodinger 1926) relative probabilities of transition. The experim ents were carried out w ith a Lo Surdo source containing a small am ount of hydrogen mixed w ith helium or neon a t a to ta l pressure of one to three millimetres. U nder these conditions an excited hydrogen atom m ay exist and radiate w ith com paratively little disturbance from its im m ediate neighbours, and the radiation is not appreciably absorbed on its way to the spectrograph. Although no other series of m easurem ents has shown such good agreem ent w ith theory, the correct point of view seems to be th a t no other experim ental arrangem ent has so nearly realized the conditions assum ed in the theoretical treatm en t.
We now find th a t the asym m etric Stark-Lo Surdo intensity p a tte rn characteristic of H a from pure hydrogen (McRae 1931 ) is retained in photo graphs from m ixtures of the isotopes, while its m irror image represents rath er well our finding for D a. Most physical conditions are here constant, y et the asymm etries are quite different. W hile searching for an explanation of this stim ulating fact-w ithout denying a theory which had received adequate confirmation in the same laboratory-it was found th a t selective absorption w ithin the source (Foster 1934) apparently serves as the main satisfactory supplem ent to earlier ideas. The actual effects are not simple, however, as is seen from the fact th a t collisions of the second kind m ust be invoked to explain the relatively weak outer components in our canal-ray tu b e where the field is applied a t right angles to the beam.
A more extensive discussion of the whole complex phenomenon is for the time withheld since further consideration leads to some doubt as to whether the absorption acts precisely in the m anner described in the paper just cited, and simple supplem entary experiments a t this laboratory have not disclosed the action with more certainty. S u m m a r y The Stark effects for H aD a, H^D^, H yDy and have been photo graphed from a Lo Surdo source containing a m ixture of the isotopes.
The observed asymmetric Stark intensity p atterns for deuterium are nearly the mirror images of those for hydrogen. Somewhat similar results are obtained with a new canal-ray tube which operates a t pressures much higher than usual.
These effects are attributed mainly to selective absorption with the source.
Variations from the Epstein spacing of components are found to be in fair agreement w ith the Schlapp theory of the fine structure of the Stark effect. The observations confirm earlier researches on hydrogen, and are extended to include deuterium. F o ster, J . S. a n d Snell, H . 1934 N ature, Lond., 153, 558. M cRae, D . R . 1931 Proc. Roy. Soc. A, 132, 257-65. Schlapp, R . 1928 Proc. Roy. Soc. A, 119, 313-34. Schrodinger 1926 
